Introduction: Several studies in the past have examined factors impacting improvement in low back pain in the primary care context. However, there is limited evidence regarding prognostic factors for pain and disability scores in patients with axial low back pain entering a multidisciplinary spine program.
Introduction
Low back pain is a common ailment in our society with a prevalence reported as high as 15-20% and recurrence of pain up to 50% within one year of onset [1] . This places a significant financial burden on healthcare systems, which has been examined by several previous studies. For instance, Mehra, et al. used a large US commercial insurance claims database to conclude that patients with chronic low back pain without a neuropathic component was found to have a $1,007 yearly average cost of care per patient [2] . According to a meta-analysis done by Dagenais S, et al. the direct cost of low back pain was found to be $12.2-$90.6 billion with indirect costs ranging $7.4-$28.2 billion in the US [3] . Given the high prevalence and cost of this illness, there is urgency in identifying factors that hinder recovery or management of low back pain.
Various demographic, disability, and pain-related factors have been studied in the primary care context to investigate their prognostic value for recovery from axial low back pain. Many of these studies have suggested
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Check for updates that patients with acute or subacute episodes of axial low back pain (< 3 months) have greater improvement in pain and disability scores compared to those with chronic symptoms (> 3 months) [4] [5] [6] [7] . A mental health diagnosis, specifically a history of depression, has been associated with poorer outcomes in patients with low back pain [8] [9] [10] . Increased body mass index (BMI), has also been studied in the context of physical therapy practices and has been associated with decreased response to treatment [11, 12] . To our knowledge, few studies addressing prognostic factors for improvement have been conducted in the context of a multidisciplinary spine center that incorporates physical and occupational therapy, chiropractic treatment, and interventional spine procedures provided by physiatrists.
The primary objective of this study was to investigate the prognostic value of initial demographic, disability, and pain-related factors on disability and pain scores following completion of a multidisciplinary spine treatment program. Primary outcome measures were changes in the Oswestry Disability Index (ODI) score and Numeric Pain Rating Scale (NPRS) from the initial evaluation to discharge. The ODI and NPRS have been validated in various studies [13] [14] [15] [16] [17] , and for both the ODI and NPRS, a lower score indicates less disability and pain. A secondary investigation of this study was to determine if there is a correlation between duration of symptoms or a mental health diagnosis and the utilization of the multidisciplinary treatments made available to the subjects, including physical therapy, chiropractic treatment, and interventional spine procedures. We hypothesized that patients with acute/subacute symptoms would have greater improvement in outcomes upon discharge from the program compared to patients with chronic symptoms. In addition, we hypothesized that patients with a longer duration of symptoms or a history of a mental health diagnosis would have increased utilization of treatments.
Methods
This study obtained approval from the local Institutional Review Board, which provided a waiver of informed consent due to the retrospective design of this study. A retrospective chart review was performed for the time frame of January, 2013, through December, 2015, using billing and coding resources. The following diagnoses were used in the search: ICD9 or ICD10 codes for lumbago, discogenic low back pain, mechanical low back pain (724.2; M54.5), lumbosacral spondylosis without myelopathy (721.3, M47.817 and M47.816), and lumbar facet joint pain (719.48; M54.5). The specific clinical information obtained included basic demographics, duration of symptoms, work status at time of initial visit, smoking status, mental health diagnoses, specific treatment visits for physical therapy, chiropractic visits, lumbar spine injections, duration of treatment, and initial and final NPRS and ODI scores.
The inclusion criteria were age ≥ 18 years and < 65 years and one of the spine-related diagnoses mentioned above. Exclusion criteria were age > 65 years to exclude Medicare payers who do not have chiropractic benefits, prior lumbar spine surgery, radiculopathy or symptoms of "sciatica," lumbar spinal stenosis with neurogenic claudication, pregnancy, and those receiving any portion of their treatments from an outside provider. Pregnant women were also excluded from the study due to the possible confounders of pregnancy-related, and therefore time-specific, pain as well as limitations on medications.
Statistical Analysis
The sample size was conservatively estimated based on the size needed to detect clinically meaningful differences between changes of acute/subacute and chronic pain groups. The Bonferroni adjustment was used for two tests and lowered the ALPHA to 0.0125. To detect a difference of NPRS = 2 (conservative SD = 2.5), 37 subjects per group was needed (ALPHA = 0.0125, POWER = 0.8). To detect a difference of ODI = 12.7 (conservative SD = 26), 96 subjects per group was needed (AL-PHA = 0.0125, POWER = 0.8). Paired t-tests were used to compare pre-and post-treatment outcomes for NPRS and ODI scores. Demographic data and baseline characteristics were analyzed with the following: Continuous variables were compared using Spearman correlations, and categorical variables were analyzed using Wilcoxon-Mann Whitney tests for two groups and Kruskal-Wallis tests for more than two groups. Paired t-tests were used to compare duration of treatment and quantitative utilization of treatments for the secondary investigation.
Results
A total of 204 patients were included in this retrospective review, and the general demographic information is presented in Table 1 . There were 113 females and 91 males, and the average age was 43.2 years (SD 12.9). The number of patients with acute/ sub-acute symptoms was 58 (28%) compared to the chronic group (72%). A majority of subjects (76.4%) had no history of a mental health diagnosis, and 23.7% had a history of either depression, generalized anxiety disorder, panic disorder, bipolar disorder or a combination thereof. There was no significant difference with regard to mental health diagnosis between the acute/subacute and chronic duration groups (p = 0.179). The mean initial NPRS and ODI scores for the acute/subacute cohort were 5.0 and 35.3, respectively. The mean initial NPRS and ODI scores for the chronic cohort were 4.6 and 28.3, respectively. There was no significant difference in initial NPRS scores between the two groups (p = 0.135), but the acute/ subacute cohort did have a significantly higher ODI (p = 0.006). Initial data were missing for the following categories: 1 subject for mental health diagnosis and 5 patients for BMI. Table 2 summarizes the unadjusted associations between measured variables and the primary outcome measures. The acute/subacute group on average experienced a significantly greater improvement in ODI (-19.45) when compared with the chronic group (-9.0) (p = 0.003). Otherwise there were no statistically significant prognostic factors regarding change in ODI scores. There was no significant difference in change in NPRS scores between the acute/ subacute and chronic groups (0.177). Patients with a history of a mental health diagnosis (NPRS change of -1.71) experienced less improvement in reported pain levels compared to those who did not (-2.56) (p = 0.042). Current smokers also experienced a significantly greater decrease in pain levels compared to non-smokers (p = 0.016). However, the smoking group was very small (n = 18) and smoking status was not significant in the subsequent multivariate analyses.
Two multivariate regression models were conducted to find predictors of change in ODI and NPRS scores while adjusting for the acute/subacute and chronic groups, and the results are represented in Table 3 . All variables were considered from the initial univariate analysis but only those found to be significant are presented. The regression analysis for change in ODI showed a chronic symptom duration (> 3 months) and a higher initial disability score were significant predictors for higher (worse) disability scores following completion of the program (p = 0.003 and p < 0.0001, respectively). The multivariate regression analysis for change in pain score showed a mental health diagnosis (p = 0.008) and a higher initial pain score (p < 0.0001) were significantly prognostic for higher pain scores upon completing the program. That analysis also showed that a higher BMI ment program. The main findings of this study show that symptom duration less than 3 months (acute/ subacute) significantly correlated with greater improvement in disability scores while a higher initial disability score was associated with less improvement in ODI. A mental health diagnosis and higher initial pain scores were associated with less improvement in final pain scores, and a higher BMI was associated with greater improvement in pain scores.
Several studies have previously investigated prognostic factors that impact intensity and duration of pain and disability in patients with axial low back pain in the primary care context. A systematic review performed by Valentin, et al. included 19 studies which was correlated with greater improvement in pain scores (p = 0.002). Table 4 summarizes the findings regarding the secondary outcome measures. There were no significant differences in treatment duration or utilization of any of the provided treatments available in the multidisciplinary spine center between the acute/subacute or chronic cohorts nor between subjects with a history of mental health diagnosis and those without.
Discussion
This study sought to investigate which baseline patient characteristics and presenting disability and pain scores may be significant prognostic factors for pain and disability outcomes for patients with axial low back pain entering a multidisciplinary spine treat- also showed unemployment and higher initial levels of pain to be significant impactors on disability, which ours did not.
Psychological factors, specifically depression and anxiety, have been associated with poorer recovery of low back pain. Pincus, et al. conducted a systematic review of prospective cohort studies in low back pain to investigate psychological factors influencing the development of chronicity in low back pain [9] . They concluded that distress, depressed mood, and somatization were implicated in the transition to chronic low back pain. In a retrospective study performed by Brummett, et al. 42% of patients with low back pain had a history of anxiety or depression and were more likely to report lower physical function [8] . Pinheiro, et al. also performed a systematic review to investigate an association between depression and worse outcomes in low back pain [10] . They found 11 of 17 studies reported worse outcomes in patients with a previous diagnosis of depression. Only 2 studies found no significant correlation. Of note, our study did not find a previous mental health diagnosis to be a significant factor impacting disability score, but it was significantly correlated with higher pain scores upon discharge.
Our multivariate analysis also found that a higher BMI was associated with greater improvement in pain scores (p = 0.020). As mentioned above, this is in contrast to a similar study performed by Oliveira, et al. [18] . Cuesta-Vargas, et al. specifically addressed this issue in a prospective study of chronic axial low back pain patients enrolled in an 8-week course of physical therapy (n = 53) [11] . Subjects were divided into two groups based on BMI: a non-obese group (BMI < 30) and an obese group (BMI > 3 0). Subjects in the non-obese group experienced significantly greater improvement in measurements of disability, physical activity, and quality of life. However, Mangwani, et al. divided 140 patients into three groups based on BMI (BMI < 25, BMI 25-29.9, and BMI > 30) and found no significant difference in mean pain scores or disability scores between the groups after 6-12 weeks of physical therapy [20] . Our study would suggest that more obese patients may actually experience greater assessed various potential prognostic factors related to duration of disability [5] . Five of these studies found higher initial levels of disability to predict persistent disability, which is consistent with our findings. Two of those studies, however, found no significant association with greater disability. Three of the studies in that review found an association between longer duration of symptoms and prolonged disability, which is consistent with this study. However, definitions for pain duration were not provided in 2 of the studies.
Oliveira, et al. performed a similar study to determine prognostic factors impacting disability and pain in 616 patients with axial low back pain in the context of 4 weeks of physical therapy [18] . Similar to our study, their multivariate regression analysis showed that the baseline pain score was a significant factor impacting final pain scores (p = 0.000). In contrast to our study, age was a significant prognostic factor for pain scores (p = 0.003) while BMI was not. Regarding disability scores after 4 weeks, they also found baseline disability score (p = 0.000) and age (p = 0.001) to be significant prognostic factors. They did not find duration of symptoms to impact either pain or disability levels at discharge, whereas in our study, the acute/subacute pain cohort had significantly improved disability scores after treatment compared to the chronic pain cohort. Also of note, this study did not address any potential mental health factors.
Grotle, et al. performed a similar study in the primary care context to assess whether prognostic factors for axial low back pain were different between patients with acute/subacute symptoms (> 3 months) versus those with chronic symptoms (n = 258) [19] . They compared baseline patient characteristics and analyzed their impact on disability scores after 12 months. The initial disability score was the strongest prognostic factor for continued disability in both groups, which is consistent with our findings. They also found significantly greater improvement in disability in the acute/subacute group, but in contrast to our study, the initial scores for the acute/subacute group were also significantly lower than the chronic group. Their final multivariable regression analysis pain relief in a multidisciplinary spine program.
A secondary investigation of this study was to assess if there were any quantitative patterns in utilization of the various treatment options available in our multidisciplinary spine center (Table 4 ). We specifically compared data between the acute/subacute and chronic groups, as well as subjects with a mental health diagnosis versus those without, as these factors were significant in the multivariate analysis. We found no statistical significance in use patterns between any of the groups for any of the treatments. Some studies in the past have shown an increased utilization of health care resources in low back pain patients with a history of depression or anxiety disorder [21] [22] [23] however this was not the case in our study.
This study had several limitations. First, it was a retrospective review and therefore carries the inherent risk of bias associated with this study design. Another limitation is the use of "mental health diagnosis" to assess psychological factors that may impact low back pain recovery. Several other studies have focused on a diagnosis of depression or anxiety disorder, but we broadened our investigation also to include panic disorder and bipolar disorder based on the experience of the authors. This decision may potentially have weakened the statistical findings, as inclusion of these subjects into the "mental health diagnosis" group may have skewed the data to include more mental health diagnoses than other studies. A limitation for the secondary investigation is that the overall number of spine injections was very low for all subjects (mean 0.1 injections), and the results of this analysis likely bear very little power.
Conclusion
This study has shown that patients with axial low back pain of an acute/subacute duration showed greater improvement in disability scores and those with higher initial disability scores showed less improvement upon discharge from a multidisciplinary spine treatment center. It also showed that higher initial pain scores and a previous mental health diagnosis were significant prognostic factors for less improvement in final pain scores. The results of this study support treating both acute/subacute and chronic symptoms in a multidisciplinary spine practice model with the expectation that the acute/subacute patients may improve to a higher degree than those with chronic symptoms.
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